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O
Divxistiep blood flow to vital structures
appears to be the coramon denominator of
clinical shock states. As blood pressure
is one ot the tew objective measurements
available, there has been a tendency to
treat this paramecter empirically by infu-
sion of Huids (the obvious and proper
treatment for hypovolemic shock), and by
using vasopressors to raise blood pressure
and thereby increase tissue perfusion. In
some instances of treated hypovolemic
shock and in certain cases of septic shock,
administration of fluids or vasopressors pro-
duces no helpful response but rather a
course of progressive deterioration charac-
terized by decreasing tissue perfusion,
measured by cardiac output. rising plasma
lactate, falling blood pressure and urinary
output, hypoxemia, a tendency toward
metabolic acidosis, respiratory dysfunction,
coagulation disorders, and rising central
venous pressure. Proper attention to vol-
ume replacement should be the first con-
sideration in the management of all cases
of shock and is the only treatment neces-
sary in most cases. This principle is ap-
plicable to shock duc to many precipitat-
ing factors, but usually excludes cardio-
genic shock secondary to myocardial in-
farction.

Numecrous case reports in the literature
document the existence and frequency of
the septic shock syndrome since it was first
described by Borden in 1951.%- 1% 2% 23 Al
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though primary interest has been in shock
associated with gram-negative organisms,
septic shock may also complicate infections
due to other microbials, including gram-
positive cocci, which liberate exotoxins
rather than endotoxins.’®

The characteristics of the hemodynamic
abnormality in septic shock are poorly un-
derstood. Primarily on the basis of animal
studies a variety of therapeutic regimens
have been devised to correct hemodynamic
changes that result from overwhelming
sepsis. These measures include vasopres-
sors to support blood pressure, replacement
of blood volume, pharmacologic doses of
corticosteroids, administration of aldos-
terone, administration of hyperbaric oxy-
gen and the use of inotropic drugs such as
isoproterenol. The continuing high mor-
tality rate in septic shock and the lack of
quantitative clinical data attest to the fact
that additional knowledge is required in
evaluating therapy in the human.

Increasing awareness of the importance
of tissue perfusion rather than blood pres-
surc stimulated Nickerson to proposc the
use of vasodilators in shock.?* Protective
reflex sympathetic vasoconstriction redis-
tributes flow to maintain perfusion in the
heart and brain. Although vasoconstriction
supports arterial blood pressure, tissue
capillary perfusion is severely compromised.
The importance of maintaining capillary
flow provides the theoretical basis for the
use of vasodilating agents in the treat-
ment of shock.’* Although profound reduc-
tion in tissue perfusion in septic shock
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is established clinically, the responsible
mechanisms are unknown. Conceivably, al-
terations in vascular reactivity to catechol-
amines constitute an important contribu-
tory mechanism, o 1o- = s

It is generally accepted that agents in-
hibiting sympaihetic vasoconstriction can
protect against a fatality in animals sub-
jected to endotoxin shock'™ ¢ but there
have been few reports dealing with intra-
venously administered vasodilators in man.
In fewer instances has the published ma-
terial supporting the use of vasodilators in
shock been substantiated by hemodynamic
and laboratory data, To evaluate the use-
fulness of phenoxybenzamine in the treat-
ment of clinical sheck, the condition being
treated must be clearly defined.

This paper presents studies on five young
patients who were admitted to the Shock
Unit of the Walter Reed General Hospital
for shock which was refractory to conven-
tional resuscitative measures. In four pa-
tients the ctiology of the shock syndrome
appeared to be solely septicemia with no
evidence of hypovolemia or primary myo-
cardial discase. The fifth patient had bi-
lateral pheochromocytomata and his clini-
cal course was characterized by intense
vasoconstriction and fulminant pulmonary
edema. These patients were treated with
phenoxybenzamine and  their  clinical
courses were studied in detail. The series
includes all patients who have received
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phenoxybenzamine at the Walter Reed
Shock Unit.

Clinical Material

For the past 12 months a Shock Study
Unit has been maintained at Walter Reed
Hospital for the physiologic observation
and intensive treatment of critically ill pa-
tients in shock. Most patients treated dur-
ing this period had unrccognized volume
deficits with associated biochemical disor-
ders, sepsis with associated volume deficits,
or primary cardiorespiratory failure. Four
of the patients, all under the age of 33,
developed refractory shock believed to be
solely based on septicemia. Each patient
had been intensivcly treated by conven-
tional methods of volume replacement,
large doses of antibiotics, correction of
acid-base imbalances, and corticosteroids.
All had been given vasopressors as a last
resort to restore blood pressure and tissue’
perfusion. These patients progressively de-
teriorated on this regimen and were con-
sidered to be in imminent danger of death.
Clinical data are listed in Table 1.

In the history and on physical examina-
tion special attention was paid to level of
consciousness, skin color, fingernail capil-
lary perfusion, temperature, character of
pulse, skin turgor and moisture, and re-
spiratory rate. A Teflon catheter was in-
serted into the surgically exposed radial
artery for mecasurement of systemic arterial

Tanve L. Clinical Summary

Sex  Age

RBlood culture

No. P, Diagnosis
1 D.C. M 32 Localized peritonitis post-
peritoneoscopy
2 J. N, M 30 Pneumonia

Calculus with pyelo-
nephritis

Fadometritis

Bilateral pheochromo-
cvtomata

Preceding Page Blank

Outcome
Klchsiella-Aerobacter Survived
Pneumococcus Survived
F. coli Survived

None. E. coli from va-

Died on 13th day of respiratory
gina & culdocentesis

complications
None Died on 4th day of respiratory

complications
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blood pressure and withdrawal of arterial
blood samples. Central venous pressure
was monitored through a large polyethyl-
ene catheter introduced percutancously by
a supraclavicular approach into a sub-
clavian vein and threaded under fluoro-
scopic control into the superior vena cava.
In three patients an N.LIL-type cardiac
catheter was threaded from the basilic vein
into the main pulmonary artery under
Huoroscopic control and allowed to remain
in place for intervals up to 72 hours. In-
trevascular pressures were monitored with
strain gauge transducers® and a carrier
wave amplification and recording  sys-
tem.®**® Serial indicator-dilution curves to
determine cardiac output were made by
injecting indocyanine green dye from cali-
brated syvringes into the central venous
atheter followed immediately by a saline
flush. Constant aspiration at 21.9 mm. /min,
irom the radial artery was accomplished by
a constant-speed withdrawal pump.®®® A
densitometer,t 2-channel recorder,i and
computer t completed the instrumentation
for obtaining cardiac output curves. Values
obtained from the computer were verified
at a later time by the method of Hamilton
and associates ' and found to be in agree-
ment. Each cardiac output determination
was made in duplicate. Peripheral resist-
ance, mean transit time, and central blood
volume were calculated from simultane-
ously recorded dve curves and intravascu-
lar pressure.

Heparinized arterial and venous blood
samples were drawn anaerobically and pH,
pO:» and pCO- were determined by micro-
electrode technics.! Blood lactate levels
were determined by the method of Barker
and Summerson and pyruvate by the
method of Friedmann and Haugen. Blood

* Statham 267 BC and 268B,

®e Sanborn 7700 series.

®ee Cilford Model 105-S.

{ Gilford Model 103-1R, 104.

{ Texas Instruments Recti-Writer.

€ Instrument Laboratories Model 113,
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volume was determined by simultancous
measurement of plasma volume using I'-°.
labeled albumin and red-cell mass using
Crtlabeled red cells. Three samples were
taken over a period of an hour and the
volume obtained by extrapolation to T, on
semi-log paper.

Results

In all patients an attempt was made to
cvaluate cffects of phenoxybenzamine on
various hemodynamic and clinical parames-
ters after conventional methods of therapy
had proved to be of no further benefit.
Prior to phenoxybenzamine administration,
all patients received electrolyte and colloid
solutions until the central venous pressure
remained persistently above 10 mm. g,
Acid base abnormalities and electrolyvte
disorders were corrected by intravenous
fluid administration as required. In the
four cases of septic shock the patients had
received Metaramino! prior to transfer to
the Shock Unit. All five paticnts were
hypoxemic on admission, and three (Nos.
1, 2, 5) required tracheostomy and venti-
lator assistance and the other two re-
Guired only nasal or mask oxygen in high
volumes, Four patients (Nos. 1, 2, 3, 5)
had been digitalized prior to receiving
phenoxybenzamine and all septic patients
received large (30 mg./Kg.) intravenons
doses of corticosteroids without noticeable
hemodynamic improvement. The four pa-
tients with sepsis had been receiving in-
travenous antibiotic agents prior to receiv-
ing phenoxybenzamine and in the absence
of specific culture sensitivities, the regimen
consisted of 2 Gm. chloramphenicol cvery
6 hours, cither 2 Gm. Kellin or five million
units of penicillin every 8 hours, and strep-
tomycin 500 mg. every twelve hours. More
appropriate antibiotics were instituted as
sensitivity studies became available.

Criteria obscrved in selecting these pa-
tients to receive phenoxybenzamine were
as follows: 1) clinical course of shock un-




344 ANDERSON AND OTHERS

responsive to adequate fluid therapy as
mecasured by clevated central venous pres-
sure; 2) signs of sympathetic overactivity,
i.e., pallor, cold extremities, low pulse pres-
sure, and decreased capillary flling; and
3) low cardiac index relative to estimated
needs with normal or elevated peripheral
resistance.

Absolute contra-indications to the use of
a vasodilator were: 1) hypovolemia; 2)
uncorrected clectrolyte disturbance, acid-
base disorder, or respiratory dyvsfunction;
3) evidence of acute myocardial infarction;
and 4) inadequate monitoring facilities.

When the decision was made to adminis-
ter phenoxybenzamine, basc-line measure-
ments were repeated and intravenous in-
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fusion of 200 cc. saline containing 1 mg. /
Kg. phenoxybenzamine  (Dibenzyline °)
was administered over a 2-hour period.
Clinical observations, hemodynamic meas-
urcments and laboratory studies were re-
peated serially and are presented in Fig-
ures 1 to 5.

Clinical Course. In all patients adminis-
tration of phenoxybenzamine produced
dramatic improvement within 2 hours of
administration. Mcntation improved and
restlessness was  alleviated.  Vasoconstric-
tion was relicved in the extremities, capil-
lary fingernail perfusion improved, periph-
cral venous distention appeared and cvano-
sis was replaced by warm, pink skin. In
patients who were oliguric prior to the ad-
ministration of phenoxybenzamine, urinary
output rose to normal levels within 2 hours.

° Supplied by Smith, Kline and French Co.
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Hemodynamics. Prior to administration
of phenoxybenzamine all patients had a
hemodynamic  abnormality  characterized
by low cardiac output in spite of elevated
central venous pressure (F igs. 1 to 3). Fur-
ther administration of fluids did not in-
crease cardiac output although filling pres-
sure, as measured by central venous pres-
sure rose. No patient had cardiac disease
prior to the shock episode, but four (Nos.
1. 2. 4.5) showed clectrocardiographic pat-
terns interpreted as ischemia during the
course of shock.

In all patients the cardiac index in-
creased notably following  phenoxybenz-
amine due primarily to increase in stroke
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volume as the pulse rate cither was un-
changed or slowed. No patient had a drop
in blood pressure as vasodilator was ad-
ministered and in no case was rapid infu-
sion of fluids required. Central venous pres-
sure slowly dropped as cardiac perform-
ance improved and urine output increased.
The mean transit time was shortened in
cvery casc following administration of vaso-
dilator, but there was no consistency in
changes observed in the central blood vol.-
ume. Three patients in whom pulmonary
artery pressures were monitored during
phenoxybenzamine administration showed
no changes in this parameter. This observa-
tion suggests that pulmonary resistance
fell, but no calculation can be made as
left atrial pressures were not measured and
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pulmonary wedge pressures are of ques-
tionable value in shock.

Laboratory Data. Table 2 summarizes
biochemical £ndings. The most frequent
abnormality was a compensated primary
metabolic acidosis which progressed during
periods of low tissue perfusion as meta-
baolic products of anaerobic glvcolysis ac-
cumulated. All patients had been vigor-
ously treated prior to transfer and an elec-
trolyte ahnormality was found in only one
patient (No. 2). Administration of phen-
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oxybenzamine produced no  biochemical
derangements, a5 determined by labora-
tory studies, in any patient. Increased cellu.
lar perfusion was inferred from the pro-
gressive return to basal levels of lactate
and calculated excess Jactate in the septic
patients.

Leukocytosis was found in four paticents
and in the fifth there was severe leuko-
penia. Blood volume determinations on ad-
mission are summarized in Table 3. and
central venous pressure measurements re-
corded at the time the tracer isotope was
injected are included.

Discussion

Our knowledge of the hemodynamic re-
sponse to endotoxin in humans, when hy-
povolemia and cardiac failure can be ex-
cluded. is limited. In most reports there is
a higher cardiie ontput in sepsis than in
other forms of shock with a correspond-
ingly lower total peripheral resistance.™
1422 The finding of both low and nonmal
values for cardiac output in bacteremie
shock is not a real contradiction as output
would be more reduced in those more seri-
ousiv affected. The finding of a normal
basal cardiac index in febrile and hypo-
tensive patients does noi mean that car-
diac output is normal in that situation.
Whereas little more than resting basal car-
diac output is required for recovery from
a major operation,” survival in sepsis and
inflammation demands a sustained increase
of cardiac output.! Udhoji and Weil con-
cluded that the predominant circulatory
defect in bacterial shock was profound re-
duction in cardiac output. These authors
pointed out that in patients with a high
basal cardiac output, e.g. cirrhotics, the
fundamental circulatory defect that char-
acterized shack was a critical reduction in
cffective biood flow which is not reflected
in systemic cardiac output.*t In this hyvper-
kinetic group systemic flow is not available
for cffective perfusion of vital tissues but
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Fanek 2. Biochemical Status on Admission to Shock Unil and Immediately Prior to Receiving Phenoxybenzamine

l.actate
. . . . . per 100mi,
Pt. No. Na k ¢l PH. HCO; pCO;  pOs  pyruvate Interpretation
1 136 4.0 100 745 22.5 34 50 25 Mild metabolic acidosis and
respiratory alkalosis

1a 138 4.0 101 743 20 29 79 0 As above

2 120 4.5 89 7.29 18.§ 37 45 45 Metabolic acidosis with hypo-
2.2 natremia

2a 137 6.2 94 7.4 15 22 135%* s1 Compensated metabolic acidosi®
3

3 133 4.5 100 743 17 26 71 33 Compensated mild metabolic
2.7 acidosis

R EX N T RS [/ X AR ¥ 25 1500 56 Asabove ) )
2.5

4 137 3.1 102 R} 12 19 35 335 Compensated metabolic acidosis
28

4a 141 +.2 107 .42 15 23 73 42 As above
2.2

N 134 4.7 00 737 12 20 37 22 Partially  compensated meta-
1.7 holic acidosis

S 133 3.3 105 742 15 23 R R 30 Compensated metabaolic acidosis

* Nasal oxygen,
** Tracheostomy with Engstrom respirator,

is shunted through arteriovenous communi-
cations. This explains the paradoxically cle-
vated cardiac output found in cirrhotics
with superimposed septie shock.

As MacLean pointed out, establishing a
hemodynamic  diagnosis  for patients in
shock provides valuable guides for ther-
apy.'™* Gilbert carlier emphasized that
three hemodynamic abnormalities are pos-
sible: 1) a deficit in work capacity of the
heart; 2) a volume deficit; or 3) an abnor-
mal state of the vascular bed.® The data
{from our paticents suggests that refractori-

1.6

ness to conventional therapy was associ-
ated with myocardial dysfunction as shock
and low cardiac output persisted in the face
of clevated central venous pressure and
adequate cardiac filling pressure (Fig. 6).

The heart in shock has been neglected
by many workers and little research has
been directed toward function of the heart
as compared to function of the peripheral
circulation, Early papers of Wiggers *¢ and
Sarnoff ¢t al.** point out the importance of
cardiac deterioration in the pathogenesis of
shock. Later experimental data by Guyton

Tante 3.

Red

Total

Large Total

vesscl boudy
P WRC Ht Ht
1 32,100 35 27
2 20,850 45 12
3 16,000 37 3R
4 800 28 25
5 22,000 65 53

Plasma

volume cell mass bloond volume {(mm.Hyg)
(112%) (Cr¥) (7 pred) cV.p,
5.81 2.10 791 (1347 N S
2.82 2.01 4.83 (R3%;) 11.5
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3.70 1.20 4.90 (10877) 16
2.03 2.29

432 (96"
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and Crowell indicate that the heart might
be the primary failing organ and dam-
age to the peripheral circulation might be
of secondary importance.’® Clinical studies
of Wilson et al*” and Macl.ean et al®
stressed the frequency of a cardiac deficit
as the most important hemodynamic ab-
normality in later stages of shock and dem-
onstrated the salutary effects of therapy
which increased performance of the heart.
Wilson’s group used phenoxybenzamine
and MacLean’s patients were treated with
isoproterenol.

There have been few reports on the use
of phenoxvbenzamine in man. Eckenhoff
and Cooperman reported the use of this
agent in 23 patients and that their poorest
result was in the treatment of shock.® Theirs
was a heterogeneous group of patients who
had been in shock for long periods and re-
ceived phenoxybenzamine as a last resort.
Few hemodynamic parameters were meas-
ured and no criteria were used in adminis-
tering the drug. Wilson, Jablonski and Thal
reported results of administering phenoxy-
benzamine to 19 patients with advanced

Annals of Surgery
March 1967

clinical shock from a variety of causes.”
Although this also was a heterogencous
group, all of whom had failed to respond
to vigorous standard therapy. these authors
concluded that the over-all effects of phen-
oxybenzamine appeared to be beneficial,
This report contained hemodvnamic meas-
urements and most patients had a fall in
central venous and arterial blood pressure
with a rise in cardiac output.

Four cases presented here constitute a
homogeneous group of young, previously
healthy adults who developed shock attri-
butable solely to sepsis. In all cases there
was a dramatic response to administration
of intravenous phenoxybenzamine and the
primary action of the drug appeared te be
the restoration of functional capacity in the
myocardium (Fig. 6). The fifth case was
unique; shock secondary to excessive cate-
cholamines secreted by bilateral pheochro-
mocytomas. In spite of appropriate anti-
adrenergic  therapy with  phenoxyhenz-
amine this patient had a rapid downhill
course and died of fulminant pulmonary
congestion. The mechanism of action of
phenoxybenzamine is not well defined, but
it is known that it acts directly and spe-
cifically on alpha-adrenergic cells and its
blockade is therefore selective for vaso-
constrictor components of the sympathctics.
It has bheen stated that most alpha recep-
tor-blocking drugs induce cardiac stimula-
tion because the fall in systemic blood pres-
sure accompanving svstemic vasodilation
initiates a reflex tachycardia, and syvmpa-
thetic nerve pathways to the heart are un-
influenced by these drugs.? One alpha-ad-
renergic drug, phentolamine, has a direct
stimulating action on the heart which sup-
plements the reflex mechanism responsible
for the increase in cardiac output.® Pre-
liminary animal studies suggest that phen-
oxyhenzamine may also have dirsct action
on the myocardium of the dog in endatoxin
shock.? The pattern of action of vasodila-
tion and cardiac stimulation raises the
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question as to which of these two actions
is more important. In patients we studied
there was no drop in blood pressure or in-
crease in pulse rate following administra-
tion of phenoxybenzamine but eardine in-
dices rose in spite of falling central venous
pressure, The implication is that myocar-
dial dysfunction played a major role in
preventing recovery and recovery was not
likely unless something could be done to
restore the heart to more normal function.
On the basis of our studies we believe that
phenoxybenzamine improved cardiac fune-
tion and increased cardiae performance,
Three modes of action appear to be pos-
sible: 1) direct inotropic action on the
myocardium: 2) vasodilating ceffect on the
coronary vessels and myocardial micro-
vasculature; and 3) relief of post-capillary
pulmonary vasoconstriction with increased
venous return to the left heart,

Studics are currently underway to cluci-
date further the manner in which phenoxy-
benzamine affects the heart in septie shock.

Summary

A series of young patients with weli de-
fined diagnoses and refractory  clinical
shock have been studied hemodynamically.
When conventional methods of  therapy
failed to correct hemodynamic  deficits
phenoxybenzamine was administered and
physiologic parameters  were  carcfully
monitored. The pattern of response sug-
gests  that  phenoxybenzamine  improved
cardiac function directly and therchy im-
proved tissue capillary perfusion.
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